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The prepared amine-impregnated cellulose (AIC) was found to be an efficient adsorbent for
uranium originated from El-Sebaiya phosphate ore. The impregenation process was carried
out by copolymerization between pretreated cellulose and a mixture of (tri-ethyl amine
and epi-chorohydrine).
In the present work, two working solutions were used. The first solution was a syn-
thesized phosphoric acid (35% P2O5 and 100 ppm U) used for optimizing the loading process
of uranium. The second one was used as a case study for adsorption of uranium from a real
phosphoric acid (WPPA) prepared from El-Sebaiya phosphate ore (P2O5 35%, 100 ppm U).
The obtained equilibrium data were found to be satisfactory fitted with Langmuir isotherm.
A maximum-metal uptake of 56.5 mgU/g AIC was observed at the obtained optimum
conditions. Also, elution process of uranium has been achieved at 1 M of 30 ml Na2CO3
solution/g AIC after 15 min contact time. From the latter, a marketable product of sodium
di-uranate was prepared.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The energy crisis is actually considered as a worldwide prob-
lem due to increasing consumption of the fossil fuel re-
sources. In the meantime, increasing uranium exhaustion of
the classical uranium ores in the last century would recently
re-orient research attention towards the non-conventional
uranium resources. The latter include mainly the phosphate
ores, shales and lignite in which the uranium content is1.
m (A.H. Orabi).
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomusually quite low. Phosphorites actually considered as an
important alternate or secondary source for uranium with an
average uranium content of 50e200 ppm. According to the
International Atomic Energy Agency (IAEA, 2012), uranium
recovery from phosphoric acid could easily reach 10% of the
world uranium production whereby this percentage is
believed to increase in the future.
Egyptian production of phosphate rocks is about 6.0million
tons represents about 3.0% of the world total phosphate rock
production (Jasinski, 2012). Phosphoric acid can beion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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process and the wet process (WPPA). The acid produced by
thermal method is extremely pure; however, it is also
expensive. The wet process which is based on the acidulation
of phosphate ores using any mineral acid is the most popular.
Phosphoric acid manufactured using the wet process has
many environmental calamities, among these are the pres-
ence of heavy trace elements (Becker, 1989).
With respect to uranium recovery from phosphoric acid,
the low selectivity and capacity of available resins for the
extraction of uranium from P2O5 solutions and their low
density compared with that of the acid have limited their use
until now. The density and viscosity of phosphoric acid was
such that they make resin beads float.
On theother hand,manyefforts hasbeendone for recovering
uranium from phosphoric acid by using different organic sol-
vents e.g. D2EHPA with TOPO studied by Cordero, Jodra, Otero,
and Josa (1977) and Hurst, Arnold, and Ryon (1977), the OPPA
[octyl pyrophosphoric acid] by Ghosh, Bellary, and Keni (1994).
Also, using a synergisticmixture; namelyDOPPAeTOPO (Krea&
Khalaf,2000),di-nonylphenylphosphoricacid (DNPPA)andtri-n-
butyl phosphate (TBP) (Singh, Mishra, & Vijayalakshmi, 2003),
D2EHPA-TOPO [di-(2-ethyl hexyl) phosphoric acid/trioctyl phos-
phineoxide] (Ali,Ali,Taha,&Ahmed,2012), synergistic reagent in
mixture with D2EHPA (Beltrami, Chagnes, Haddad, et al., 2014;
Beltrami, Chagnes, Mokhtari, et al., 2014), bis(1,3-
dialkyloxypropan-2-yl) phosphoric acids and tri-n-
octylphosphine oxide (Beltrami et al., 2013), bis(1,3-
dibutoxypropan-2-yl) phosphoric acid (BiDiBOPP)/di-n-hexyl
octylmetoxy phosphine oxide (di-n-HMOPO) (Beltrami, Chagnes,
Haddad, et al., 2014; Beltrami, Chagnes,Mokhtari, et al., 2014), di-
nonyl phenyl phosphoric acid (DNPPA) and bidentate n-octyl
(phenyl)-N,N-di-isobutyl carbamoyl methyl phosphine oxide
(CMPO) in n-dodecane (Mondal et al., 2014) and cetrimide (Orabi,
El-Sheikh, Mowafy, Abdel-Khalekb,& El Kady, 2015).
Beltz et al. (1983) reported that both primary and secondary
as well as tertiary amines can be used as alkylamines for
recovering uranium from phosphoric acid. Some amines,
however, may form a third phase which can be prevented if
other organic substances with solubilizing properties such a
n-octanol, iso-decanol, reaction mixtures from the oxysyn-
thesis in the range from C3 to C12, cyclohexanone or tride-
canol are added to the organic phase of amine polyphosphate
and/or amine metaphosphate and organic solvent. However,
the addition of a solubilizer represents a considerable
complication as a result of the change of the distribution
equilibriums between the phases.
The great advance in recent years drives towards bridging
the gaps between ion exchange resin and solvent extraction
systems through development of new effective media called
solvent impregnated resin (SIR). The latter requires the
impregnation of the required solvent upon a synthetic poly-
meric resin (e.g. Amberlite-XAD, silica gel, activated carbons
and cellulose, … etc) devoid of any functional groups. The
extraction behavior involves the counter diffusion of metal
ions from the aqueous solution and the ions from the resin
phase through various different resistances. The species in
solution must diffuse across the liquid film surrounding the
SIR particle, transfer across the particle interface, diffuse into
the bulk of the impregnated resin and then interact with animpregnated extracting. The species initially within the
impregnated particle experience the same resistances but in
the opposite order during the elution step (Amir, 2014).
In this work, amine-impregnated cellulose (AIC) has been
prepared as solvent impregnated resin to avoid many prob-
lems when using only amine as uranium extractant. The
present work was first directed towards optimization of the
relevant factors affecting both adsorption and elution of U on
amine -impregnated cellulose (AIC) from a synthetic phos-
phoric acid solutionWPPA (35% P2O5). Thework has then been
shifted to investigate the potentially of the prepared (AIC) for
the recovery of U from a real wet phosphoric acid prepared
from El-Sebaya phosphate ore.2. Materials and methods
2.1. Materials
2.1.1. Preparation of synthetic phosphoric acid
The relevant factors affecting uranium adsorption and elution
processes with the study (AIC) have first been optimized using
stimulated synthetic uranium-bearing phosphoric acid solution.
The latter (assays 35% P2O5) has thus been prepared fromAdwic
85% P2O5 phosphoric acid by proper dilution. Also, a properly
weighed sample of uranyl acetate was dissolved in the prepared
synthetic phosphoric acid solution to attain an assay of 100 ppm
uranium to be comparable to the wet process phosphoric acid
(WPPA) produced from El-Sebaiya phosphate ore sample.
2.1.2. Preparation of El-Sebaiya WPPA (case study)
El-SebaiyaWPPAwas used in the present work as a case study
where the optimum factors obtained for uranium extraction
and elution from the synthetic acid were applied.
According to El-Sayed& Abdel-Aal (2000), El-SebaiyaWPPA
was prepared using HCl (300 g/L) with particle size of
0.25 mm at room temperature (25 C) within S/L ratio of 2:1.
2.2. Preparation of synthesized amine-impregnated
cellulose (AIC)
2.2.1. Pretreatment of cellulose
Prior to impregnation process, 20 g of whatman powder cel-
lulose was firstly, refluxed with 0.5% sulfuric acid using solid
liquid ratio (S/L) of 1/6 at 55 C for 4 h. The produced cellulose
air-dried for two days. The purpose was to remove the
amorphous part of cellulose to resist the high acidity when
using phosphoric acid.
2.2.2. Impregnation process
The synthetic amine-impregnated cellulose (AIC) was pre-
pared by co-polymerization between one mole of pretreated
cellulose and 5 mol of tri-ethyl amine and epichorohydrine
(1:1.2 mol ratio) refluxed for 4 h at 55 C until granulation. The
latter was used as solvent impregnated resin (AIC).
2.3. Uranium recovery procedures
In order to study the relevant factors affecting the recovery
process of uranium from phosphoric acid, many series of
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mentioned synthetic uranium phosphoric acid stock solution.
These experiments were performed by shaking 1 g sample
portions of AIC with 400 ml of the synthetic uranium phos-
phoric acid solution (of 100 mg/L). The studied factors involve;
pH, contact time, initial uranium concentration, temperature,
and phosphoric acid concentration. The adsorption effi-
ciencies of uranium were calculated by the difference be-
tween its equilibrium and initial concentrations as the
following equation:
Ads% ¼ Ci  Cf
Ci
 100
where, Ci and Cf are the initial and the final concentrations of
aqueous phase, respectively.
For elution process, the loaded uranium was eluted from
the AIC, through applying a number of eluting agents namely;
H2SO4, HNO3, Na2CO3, NH4NO3, (NH4)2CO3 and their concen-
tration together with elution time.
2.4. Analytical procedures
2.4.1. Analysis of El-Sebaiya phosphate ore
El-Sebaiya phosphate ore sample was subjected to complete
chemical analysis for the major components according to
Shapiro & Brannock procedure (1962). The estimated error for
major constituents is not more than ±1%.
2.4.2. Control analysis
Analysis of U in the different aqueous stream solutions was
fluorometrically determined by using the laser fluorometer
“UA-3” [Uranium Analyzer (Scintrex, Canada)].
On the other hand, variousmetal ions including; Cd, Pb, Ni,
Cu were determined by using atomic absorption spectrometer(Unicam 969, England) (Ward, Nakagawa, Harms, & Van
Sickle, 1969). Meanwhile, Th was spectrophotometerically
determined by using the chromogenic reagent, Arsenazo-III
(Marczenko, 1986). Also, using prism ICP-OES, Teledyne
technologies (Inductively Coupled Plasma Optical Emission
Spectrometer) for Ce and Y analysis.
It is worthy to mention herein that, to prove the working
function groups of the prepared AIC, IR spectrometer of Book
Company, New York was used.3. Results and discussion
3.1. Characterization of amine-impregnated cellulose
(AIC)
Amine-impregnated cellulose (AIC) is the adsorbent obtained
by condensation of cellulose with amine in the presence of
epichloro-hydrine.
Infra-red (IR) spectral analysis of the amine-impregnated
cellulose (AIC) was recorded in the wavelength between 500
and 4000 cm1 (Fig. 1). IR spectrum of the compound, shows
that y CH aromatic at 2902 cm1, C]O 1636 cm1 and OH
alcoholic at 3395 cm1, w CeH at 1482, 1428, 1370, 1320 cm1,
1158, 1107, 1056 for y c-o and 914 for CeC. Also elements test
proved that, C:H:N are 37.3:9.38:3.98 nitrogen has the degree of
substitution about 2.1% and the crystallinty ¼ Intensity at
1325 cm1/Intensity at 914 ¼ 75.0101/78.047.3.2. Mechanism of the preparation of AIC
Amine-Impregnated Cellulose (AIC).
Fig. 1 e The main IR bands of amine-impregnated cellulose (AIC).
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 1 9 3e2 0 61963.3. Optimization factors of uranium adsorption
3.3.1. Effect of contact time
In order to study the effect of contact time of uranium
adsorption on the synthesized AIC, a series of adsorption ex-
periments were performed by contacting a fixed weight of 1 g0
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Fig. 2 e Effect of contact time upon uranium adsorption efAIC with a fixed volume of 400 ml from the synthetic uranium
phosphoric acid solution (35% P2O5 with 100 mg U/L) at room
temperature (25 C). The studied time intervals are ranged
from 5min up to 120min. The obtained results were shown in
Fig. 2. From the latter, the uranium adsorption efficiency
attained about 20% after 5 min. By increasing the time till80 100 120 140
  Ɵme, min
ficiency from 35% P2O5 phosphoric acid by using AIC.
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Fig. 3 e Effect of pH upon uranium adsorption efficiency from 35% P2O5 phosphoric acid by using AIC.
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to about 92%. After this time no significant increase in the
adsorption efficiency of uranium was achieved.
3.3.2. Effect of pH
This effect was studied in the range of 0.1e3 using the fixed
conditions of 400 ml synthesized phosphoric acid assaying
100 ppmU and 1 g of AIC for a contact time of 60min. From the
obtained results shown in Fig. 3, it was found that in the pH
range of 0.1e3, the adsorption efficiency was not affected by
the pH change. This may be attributed to the interaction be-
tween the surface charge of the adsorbent (where the amor-
phous parts of cellulose were removed during sulfonation of
the prepared AIC, while the crystalline form of cellulose was
remained) and the Hþ ions concentration.
3.3.3. Effect of temperature
To study the effect of temperature of uranium adsorption ef-
ficiency, a series of the adsorption experiments were per-
formed using different temperatures ranging from 25 C up to
65 C at the fixed conditions of 1 g synthesized AIC adsorbent,
initial uranium concentration of 100mg/L (400ml), and 60min
contact time. The obtained results shown in Fig. 4, revealed
that uranium adsorption efficiency decreased with increasing
temperature. This indicates that the reaction is an exothermic
process.
3.3.4. Effect of phosphoric acid concentration
The effect of phosphoric acid concentration on adsorption
efficiency was studied where a series of adsorption experi-
ments were performed using different phosphoric acid (P2O5)concentrations ranging from 30% up to 45% P2O5 (400 ml), and
the other conditions were fixed constant at 1 g of synthesized
AIC adsorbent, initial uranium concentration of 100 mg/L
(400 ml), and 60 min contact time at room temperature. Fig. 5
showed a plot of the obtained results. From these results it can
be concluded that, the uranium adsorption efficiency was
slightly decreased with the increase of the phosphoric acid
concentration.
3.3.5. Effect of initial uranium concentration
The effect of initial uranium concentration on the adsorption
efficiency of the synthesized AIC was studied. A series of ex-
periments were performed by contacting a fixed weight of 1 g
AIC for 60 min at room temperature with different concen-
tration of uranium ranged from25 up to 350mg/Lwith S/l ratio
of 1/400. Uranium adsorption efficiency decreased with
increasing uranium initial concentration because the ura-
nium amount increase with the same mass of Amine
impregnated cellulose. Where, the adsorption efficiency of
uranium on 1 g of the studied AIC using 25, 50, 150, 200, 250
and 350 ppm uranium concentration was found to attain 100,
100, 92, 70, 60 and 54.5% respectively. The adsorption capacity
was shown in Fig. 6. In this context, it is worthy to mention
herein that to calculate the adsorption capacity of 1 g of the
studied AIC using 25, 50, and 100 ppm uranium concentration
was found to attain 10, 20 and 36.8 mg/g respectively. While
when using 150, 200, 250 and 350 ppmuranium concentration,
the adsorption capacity was found to reach up to 42, 48, 54.5,
and 54.5 mg/g respectively. Therefore, it can be ascertained
that the maximum loading capacity of uranium upon AIC is
54.5 mg/g equivalent to 54.5 g/Kg AIC.
Fig. 4 e Effect of temperature upon uranium adsorption efficiency from 35% P2O5 phosphoric acid by using AIC.
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The effect of metal ions that might be associated with ura-
nium has actually been studied. Thus the latter Cd, Pb, Ni, Fe,
Th, Cu, Ca, U besides Ce and Y was prepared from their
respective solutions. For this purpose a 100 ml solution of
thesemetals has been prepared together with uranium and in
which and the assay of each metal attains 10 ppm i.e. the
prepared solution would contain 1mg of eachmetal. This was
mixed with 1 g of the working AIC. The pH of the solution was
first adjusted at pH 1 using phosphate solution. The working
AIC was stirred with the prepared solution for 60 min at a
solid/liquid ratio of 1:100.Fig. 5 e Effect of phosphoric acid concThe obtained results were shown in Table 1 using the
following equation:
Loading capacity as mg/g ¼ V (C0 e Ce)/M,
Where V is the total volume of the solute solution (L), M is
the weight of the adsorbent used (g), C0 is the initial concen-
tration of the solute (mg/L), and Ce is the residual concentra-
tion of the solute (mg/L).
From these results it has been indicted that, the working
AIC has the ability to adsorb the used elements in theentration on uranium adsorption.
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Fig. 6 e Effect of initial uranium concentrations on adsorption efficiency of synthesized AIC.
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U > Ca > Fe > Pb > Th > Cu > Ni > Ce > Cd and Y. This order
might be interpreted to the size of species and/or the charge of
this species.
3.3.7. Uranium saturation capacity and the extraction
mechanism
To determine the saturation capacity of the AIC a known
volume of the adsorbent has repeatedly been contacted with
the prepared synthetic solution under these conditions usinginitial uranium concentration of 400 mg/L (10 ml), and 60 min
contact time at room temp. After each contact, uranium was
analyzed in the obtained raffinate till almost saturation of the
adsorbent. From the results shown in Table 2, it is clearly
evident that the saturation capacity of the AIC attains about
55.52 mg/1 g of the extractant for uranium. The obtained data
support indeed the possible mechanism of uranium species
adsorption by the AIC, which is believed to be achieved
through the amino groups of the tri-ethylamine content of the
adsorbent via.
Table 1e Theadsorbedamountofdifferent elementsmg/g
of the working AIC adsorbent.
Elements Adsorption level
mg/g
Elements Adsorption level
mg/g
Pb 0.37 Cd 0.11
Cu 0.27 Ni 0.22
Fe 0.38 Th 0.28
Ca 0.51 Ce 0.13
U 0.80 Y 0.10
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 1 9 3e2 0 62003.4. Characteristics of the physical parameters
3.4.1. Kinetic characteristics
In terms of kinetic modeling, the pseudo-first-order and
pseudo-second-order equations were used for the mathe-
matical interpretation of the uranium adsorption rate from
the synthetic 35% P2O5 by the synthesized resin. The pseudo-
first-order equation is represented as follows (Wang, Liu,
Wang, Chai, & Deng, 2010):
log

qe  qt
 ¼ log qe  k1t2:303
Where qe and qt are the amounts of metal ions loaded at
equilibrium and at time t respectively, and k1 is the equilib-
rium rate constant of the pseudo first-order equation (1/min).
On the other hand, the pseudo-second-order kinetic model is
represented as follows (Wang et al., 2010):
t
qt
¼ 1
k2q2e
þ t
qe
Where k2 is the equilibrium rate constant of pseudo second-
order equation. The slope and intercept of the plot t/qt
versus t were thus used to calculate the pseudo second-order
rate constants k2 and qe.Table 2 e Uranium saturation capacity of the AIC.
Contact number Uranium distribution
Assay in 10 ml
effluent, ppm
Loaded amount
mg/1 g HAE
1 Nil 4
2 Nil 4
3 Nil 4
4 Nil 4
5 Nil 4
6 Nil 4
7 Nil 4
8 Nil 4
9 Nil 4
10 Nil 4
11 Nil 4
12 Nil 4
13 170 2.3
14 200 2.0
15 230 1.7
16 318 0.82
17 370 0.7
Total 55.52The pseudo-first -order kinetic model was found to best fit
the experimental results of uranium adsorption by synthe-
sized resin from phosphoric acid with correlation coefficients
very close to unity other than pseudo second-order kinetic
model (Figs. 7 and 8).
3.4.2. Thermodynamic characteristics
Variations of uranium adsorption data with temperature for
uranium adsorption from the synthetic phosphoric acid by
synthesized resin were used to calculate the thermodynamic
constants including the standard enthalpy (DH), and the
standard entropy (DS) based on Van't Hoff plot using the
following formula:
InKd ¼ DS

R
 DH

RT
where R ¼ 8.3145 J mol1 K1 and T ¼ absolute temperature in
Kelvin. DH and DS were determined from the slope and
intercept of ln Kd versus 1/T graph.
Fig. 9 plots ln Kd versus 1/T, K
1 which gives a straight line
whose slope equals (DH/R) for the extraction of uranium (VI).
The DH and DS values for uranium (VI) were53.52 kJ/mol and
159.14 J/mol k respectively as calculated from the slope and
intercept using the Van't Hoff equation.
These values of DH and DS have then been used to
obtain the corresponding free energy (DG ¼ 6.1 kJ/mol)
at 298 K using the following equation (El-Nadi & Daoud,
2005):
DG ¼ DH  TDS
The negative value of DH indicates that the adsorption of
uranium in this system is an exothermic process and that
the reaction becomes more favorable at room temperature.
The negative value of DG indicates that the reaction is
spontaneous. On the other hand, the observed decrease in
the negative values of DGwith elevated temperature implies
that the reaction becomes more favorable at room
temperatures.
3.4.3. Adsorption isotherms
In the present work, it was found greatly beneficial to deter-
mine the adsorption isotherm according to langmuir and
Freundlich equations. The purpose was to describe the
adsorption mechanism for the interaction of uranium ion on
the working AIC surface and to express its surface properties
and its affinity towards the uranium ions.
The adsorption isotherm provides the most important in-
formation about how the loaded molecules are distributed
between the solid and aqueous phases when the adsorption
process reaches an equilibrium state. For this purpose, the
uranium loading on synthesized AIC has been described by
applying themostwidely used Langmuir (El-Sofany, Zahera,&
Aly, 2009) and Freundlich isotherm (Giffin & Davis, 1998)
models. The Langmuir isotherm considers the loading as a
chemical phenomenon with the formation of energetically
mono layer with a maximum loading capacity of qmax(mg/g)
through the following equation:
Ce/qe ¼ 1/bq þ Ce/q
Fig. 7 e Plot of log (qe¡ qt) versus time (t) for kinetic of U adsorption by synthesized IAC from the synthetic phosphoric acid
(35% P2O5 and 100 ppm U) at 25 C.
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the amount loaded at equilibrium time (mg/g) and q◦ and b
are Langmuir constants related to loading capacity and
energy of adsorption, respectively which can be calculated
from the intercept and slope of the figure Ce/qe vs. Ce as
shown in Fig. 10. On the other hand, in the empiricalFig. 8 e Plot of t/qt versus time (t) for kinetic of U adsorption by
P2O5 and 100 ppm U) at 25 C.Freundlich equation based on loading on heterogenous
surface:
log qe ¼ logKf þ 1/nlog Cesynthesized AIC from the synthetic phosphoric acid (35%
Fig. 9 e Plot of Ln Kd versus 1/T, K
¡1 for U adsorption by synthesized AIC from the synthetic phosphoric acid (35% P2O5 and
100 ppm U) at 25 C.
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loading capacity and the adsorption intensity respectively. KF
and n can be determined from a linear plot of Log qe against
Log Ce (Fig. 11). The results of the Langmuir and Freundlich
isotherm constants are given in Table 3 where it is found that
uranium (VI) loading on synthesized AIC correlate quite well
(R2 > 0.98) with the Langmuir equation as compared with the
Freundlich equation under the studied concentration range.Fig. 10 e Langmuir isotherm plots for adsorAccording to these results the Langmuir model is suitable for
describing the adsorption equilibrium of uranium by synthe-
sized AIC in the studied concentration range. The value of
saturation capacity qo determined from the Langmuir
isothermdefines that the total theoretical capacity of uranium
loading is 56.5 mg/g at 25 C which is near to the experimental
value of 54.5 mg/g.ption of uranium onto synthesized AIC.
Fig. 11 e Freundlich isotherm plots for loading of uranium onto synthesized AIC.
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be expressed in terms of a dimensionless constant separation
factor (Metwally, 2006), RL, which is used to predict if an
adsorption system is favorable or not. The separation factor,
RL, is given by the following equation:
RL ¼ 1/(1 þ bCo)
Where Co is the initial uranium (VI) concentration (mg/L)
and KL is the Langmuir loading constant (L/mg). Table 4 lists
the calculated results of the RL values for uranium concen-
tration ranging from 100 to 250 mg/L. Based on the effect of
separation factor on the isotherm shape, the RL values are in
the range of 0 < RL < 1, which indicates that the loading of
uranium ions on synthesized AIC is favorable.
The loading capacity qo (mg/g) of different adsorbents to
adsorb uranium ions as reported in the literature is compared
in Table 5.
Comparison of qo values shows that synthesized AIC ex-
hibits a reasonable capacity for uranium adsorption from
phosphate solutions.Table 3 e Langmuir and Freundlich isotherm model
constants applied to uranium loading onto synthesized
AIC.
Model Parameters Value R2
Langmuir qo (mg/g) 56.5 0.982
b (L/mg) 0.1038
Freundlich Kf (mg/g) 31.16 0.826
1/n 0.10153.5. Elution characteristics of the loaded uranium
3.5.1. Uranium elution reagent and its concentration
The elution characteristics of uranium ions from the loaded
synthesized AIC has been studied in the presentwork by using
several reagents such as H2SO4, HNO3, Na2CO3, NH4NO3, and
(NH4)2CO3 in concentrations ranging from 0.25 M to 3 M. In
these experiments, the other parameters were kept constant
involving a 30 ml volume of the eluant solution for 10 min
contact time at ambient temperature for 1 g loaded AIC. From
the obtained results plotted in Fig. 12, it was observed that the
elution efficiencies of uranium ions was increased with
increasing the concentration of the acid and/or alkali until
reaching the maximum values of 92, 90% for 1 M H2SO4 and
0.75 M HNO3 respectively. In case of using alkalis e.g. Na2CO3,
NH4NO3, and (NH4)2CO3, the uranium elution efficiencies were
increased reaching themaximumvalues of 96 and 95 at 1 M of
either (NH4)2CO3 and Na2CO3 respectively. Thus, it can be
concluded that 1M (NH4)2CO3 orNa2CO3 can beused for almost
quantitative elution of uranium from the synthesized AIC.
3.5.2. Effect of elution time
The effect of elution time on uranium elution efficiency was
studied using three series of experiments including; 1 M
Na2CO3 as an eluent. In these experiments, about 1 g of theTable 4 e The dimensionless separation factor (RL) for
U(VI) ion by synthetic AIC.
C0 RL
100 0.0878
150 0.0603
200 0.0459
250 0.0371
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Fig. 12 e Effect of concentration of the different chemical reagents on uranium elution efficiency.
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(30 ml) for different time intervals. The applied agitation time
periods involved 5, 10, 15, 30 and 60 min. The obtained results
were plotted in Fig. 13. From these results, it was noticed that
by increasing the contact time, the elution efficiency
increased during the first 15 min attaining about 98% of the
loaded uranium.3.6. Durability of the working AIC
To estimate the durability of the working AIC, 1 g of AIC was
subjected to 9 successive cycles of uranium loading from the
prepared synthetic solution using the studied optimum
loading conditions. After each cycle, no uraniumwas found in
the corresponding effluent indicating complete adsorption.
The loadedAIC in each cyclewas subjected to uraniumelution
under the optimized conditions and an almost complete re-
covery of uranium was realized.Table 5 e Comparison of the uranium loading capacity of synt
Sorbent Uranium sorptio
Amberlite-XAD-2-Tiron 7.62
Amberlite-XAD-4-OVSC 2.86
Merrifield polymer-TTA 32.84
Diarylazobisphenol modified activated carbon 18.72
Grafted polysterene resin 41.76
Activated carbon 45.24
Commercial ceramic 11
Cellulose Impregnated with Amine (AIC) 56.5 theoretica3.7. Case study
As mentioned above, the optimum conditions of U ions
adsorption and eluted from the synthetic phosphoric acid
were applied for uranium adsorption from El-Sebaiya phos-
phate material. The chemical composition of the latter was
determined as shown in Table 6 and fromwhich both P2O5 and
U assay are identical to the working synthetic acid.
From the prepared phosphate leach liquor (2800 ml) pro-
duced from 6 kg of El-Sebaiya phosphate material uranium
was then recovered using 5 g of the working AIC under the
previously studied optimum conditions. Accordingly, a ura-
nium adsorption efficiency of 92% was obtained.
Subsequently, the uranium-loaded AIC was subjected to
elution process using 150 ml of 1 M Na2CO3 where the preg-
nant solution assays 3600 ppm at room temperature for
15 min contact time with elution efficiency of 98%. Uranium
was then precipitated from the obtained eluate liquor usinghesized AIC with other adsorbent.
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Fig. 13 e Effect of time on uranium elution efficiency.
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cipitate sodium diuranate [Na2U2O7] was found to assay 68%
uranium.4. Conclusion
The potentiality of amine-impregnated cellulose (AIC) for
uranium adsorption from its phosphate solutions has actually
been proven and the studied relevant factors have actually
been optimized. It was performed using one g AIC in 400 ml
synthetic phosphate solution (35%) within 100 mg/L uranium
at room temperature for 60 min. Under these conditions, the
achieved uranium capacity was attained 54.5 mg/g. The
loaded uranium was afterward completely eluted using 30 ml
of one mole Na2CO3 solution using 15 min contact time for
each g of AIC.
The pseudo first order kinetic model was found to best fit
the experimental results of uranium adsorption by the
working AIC from the synthetic solution with a correlation
coefficient very close to unity. The effect of temperature dataTable 6 e The chemical analysis of the working El-
Sebaiya phosphate ore sample.
Component wt.% Component wt.%
SiO2 7 CaO 40
TiO2 0.02 K2O 0.14
Al2O3 1.6 P2O5 35
Fe2O3 3 L.O.I. (1000 C)
a 9
MgO 0.7 U 0.01
Na2O 1.2
a L.O.I. ¼ loss on ignition.on uranium adsorption by synthesized resin showed that the
enthalpy change is 53.52 kJ/mol indicating its exothermic
nature. Finally, the working AIC was successfully applied for
uranium recovery from an actual phosphate leach liquor
originated from Sebaiya phosphate material.r e f e r e n c e s
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